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(57) ABSTRACT 

Exemplary embodiments relate to cementing operations and, 
more particularly, to foamed cement compositions, foaming 
and stabilizing additives, and associated methods. A foam 
ing and stabilizing additive, that comprises a mixture of an 
alkali salt of an alkyl ether sulfate surfactant, Wherein the 
alkali salt of the alkyl ether sulfate surfactant comprises a 
mixture of an alkali salt of a C6_1O alkyl ether sulfate 
surfactant, and an alkali salt of a C2_4 alkyl ether sulfate 
surfactant, an alkyl or alkene amidopropyl betaine surfac 
tant, an alkyl or alkene amidopropyl dimethylamine oxide 
surfactant, sodium chloride, and Water, is provided. Also 
provided are foamed cement compositions that comprise the 
foaming and stabilizing additive, and associated methods. 

23 Claims, N0 Drawings 
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FOAMED CEMENT COMPOSITIONS, 
ADDITIVES, AND ASSOCIATED METHODS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a continuation-in-part of US. appli 
cation Ser. No. 10/899,325 ?led on Jul. 26, 2004 now US. 
Pat. No. 7,013,975, Which is incorporated herein by refer 
ence. 

BACKGROUND 

The present invention relates to cementing operations 
and, more particularly, to foamed cement compositions, 
foaming and stabilizing additives, and associated methods. 
Foamed cement compositions may be utilized in cement 

ing operations above ground (e.g., in the construction indus 
try), as Well as in subterranean cementing operations. Here 
tofore, foamed cement compositions have included foaming 
and stabiliZing additives Which include components such as 
isopropyl alcohol that may negatively impact aquatic life. In 
addition, one or more of the components are often ?am 
mable, thereby increasing the expense of shipping the foam 
ing and stabiliZing additives. Thus, there is a need for 
foamed hydraulic cement slurries Which include foaming 
and stabiliZing additives that may pose less environmental 
risk and do not include ?ammable components. 

In subterranean cement operations, in primary Well 
cementing, foamed cement compositions may be used to 
cement off-shore, deep-Water Wells Wherein they may 
encounter temperatures varying betWeen about 400 F. to 
about 500 F. The foamed cement compositions may be 
pumped into the annular spaces betWeen the Walls of the 
Well bores and the exterior surfaces of pipe strings disposed 
therein. The foamed cement compositions are relatively 
compressible Which prevents the in?oW of undesirable ?uids 
into the annular spaces. The foamed cement slurries set 
therein to form annular sheaths of hardened cement. The 
annular cement sheaths physically support and position the 
pipe strings in the Well bores and bond the exterior surfaces 
of the pipe strings to the Walls of the Well bores preventing 
the undesirable migration of ?uids betWeen areas of the 
formation penetrated by the Well bore. Foamed cement 
compositions also may be used in remedial cementing 
operations, such as plugging Well bores, plugging highly 
permeable Zones or fractures in Well bores, plugging cracks 
and holes in pipe strings, and the like. 

SUMMARY 

The present invention relates to cementing operations 
and, more particularly, to foamed cement compositions, 
foaming and stabiliZing additives, and associated methods. 
An embodiment of the present invention provides a 

foamed cement composition. An example of such a foamed 
cement composition of the present invention may comprise 
a hydraulic cement; Water; a gas; and a foaming and stabi 
liZing additive comprising a mixture of an alkali salt of an 
alkyl ether sulfate surfactant, Wherein the alkali salt of the 
alkyl ether sulfate surfactant comprises a mixture of an 
alkali salt of a C6_1O alkyl ether sulfate surfactant, and an 
alkali salt of a C2_4 alkyl ether sulfate surfactant, an alkyl or 
alkene amidopropyl betaine surfactant, an alkyl or alkene 
amidopropyl dimethylamine oxide surfactant, sodium chlo 
ride, and Water. 

20 

25 

30 

35 

40 

45 

50 

55 

65 

2 
Another embodiment of the present invention provides a 

foaming and stabiliZing additive. An example of such a 
foaming and stabiliZing additive of the present invention 
may comprise a mixture of an alkali salt of an alkyl ether 
sulfate surfactant, Wherein the alkali salt of the alkyl ether 
sulfate surfactant comprises a mixture of an alkali salt of a 
C6_1O alkyl ether sulfate surfactant, and an alkali salt of a 
C24 alkyl ether sulfate surfactant, an alkyl or alkene ami 
dopropyl betaine surfactant, an alkyl or alkene amidopropyl 
dimethylamine oxide surfactant, sodium chloride, and Water. 

Another embodiment of the present invention provides a 
method of cementing. An example of such a method of the 
present invention may comprise providing a foamed cement 
composition that comprises a hydraulic cement, Water, a gas, 
and a foaming and stabiliZing additive of the present inven 
tion that comprises mixture of a mixture of an alkali salt of 
an alkyl ether sulfate surfactant, Wherein the alkali salt of the 
alkyl ether sulfate surfactant comprises a mixture of an 
alkali salt of a C6_l0 alkyl ether sulfate surfactant, and an 
alkali salt of a C2_4 alkyl ether sulfate surfactant, an alkyl or 
alkene amidopropyl betaine surfactant, an alkyl or alkene 
amidopropyl dimethylamine oxide surfactant, sodium chlo 
ride, and Water; placing the foamed cement composition in 
a location to be cemented; and alloWing the foamed cement 
composition to set. 
The features and advantages of the present invention Will 

be apparent to those skilled in the art. While numerous 
changes may be made by those skilled in the art, such 
changes are Within the spirit of the invention. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The present invention relates to cementing operations 
and, more particularly, to foamed cement compositions, 
foaming and stabiliZing additives, and associated methods. 
A foamed cement composition of the present invention 

comprises a hydraulic cement; Water; a gas; and a foaming 
and stabiliZing additive comprising a mixture of an alkali 
salt of an alkyl ether sulfate surfactant, Wherein the alkali 
salt of the alkyl ether sulfate surfactant comprises a mixture 
of an alkali salt of a C6_ 10 alkyl ether sulfate surfactant, and 
an alkali salt of a C2_4 alkyl ether sulfate surfactant, an alkyl 
or alkene amidopropyl betaine surfactant, an alkyl or alkene 
amidopropyl dimethylamine oxide surfactant, sodium chlo 
ride, and Water. 
A variety of hydraulic cements may be utiliZed in accor 

dance With the present invention, including, but not limited, 
to those comprised of calcium, aluminum, silicon, oxygen, 
and/or sulfur, Which set and harden by reaction With Water. 
Suitable hydraulic cements, include, but are not limited to, 
Portland cements, poZZolana cements, gypsum cements, 
high alumina content cements, slag cements, and silica 
cements, and combinations thereof. In certain embodiments, 
the hydraulic cement may comprise a Portland cement. In 
some embodiments, the Portland cements that are suited for 
use in the present invention are classi?ed as Class A, C, H, 
and G cements according to American Petroleum Institute, 
API Specification for Materials and Testing for Well 
Cements, API Speci?cation 10, Fifth Ed., Jul. 1, 1990. 
The Water used in the cement compositions of the present 

invention may be freshWater, saltWater (e.g., Water contain 
ing one or more salts dissolved therein), brine (e.g., satu 
rated saltWater produced from subterranean formations), or 
seaWater, or combinations thereof. Generally, the Water may 
be from any source, provided that it does not contain an 
excess of compounds that may adversely affect other com 
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ponents in the cement composition. The Water may be 
present in an amount suf?cient to form a pumpable slurry. 
More particularly, the Water may be present in the cement 
compositions of the present invention in an amount in the 
range of from about 33% to about 200% by Weight of the 
cement (“bWoc”). In some embodiments, the Water may be 
present in an amount in the range of from about 35% to 
about 70% bWoc. 

The gas utilized in the foamed cement compositions of the 
present invention may be any gas suitable for foaming a 
cement composition, including, but not limited to, air or 
nitrogen, or combinations thereof. Generally, the gas should 
be present in the foamed cement compositions of the present 
invention in an amount suf?cient to form a foam. In certain 
embodiments, the gas may be present in the foamed cement 
compositions of the present invention in an amount in the 
range of from about 10% to about 80% by volume of the 
composition. 

The foaming and stabilizing additives of the present 
invention generally comprise a mixture of an alkali salt of an 
alkyl ether sulfate surfactant, an alkyl or alkene amidopropyl 
betaine surfactant, an alkyl or alkene amidopropyl dimethy 
lamine oxide surfactant, sodium chloride, and Water. Among 
other things, the foaming and stabilizing additives of the 
present invention may facilitate the foaming of a non 
foamed cement composition and also stabilize the resultant 
foamed cement composition formed thereWith. It is believed 
that the foaming and stabilizing additive of the present 
invention may pose less environmental risk, such as to 
aquatic life, in part because the additive does not contain any 
organic solvents, e.g., isopropyl alcohol. Generally, the 
foaming and stabilizing additives of the present invention is 
present in the foamed cement compositions of the present 
invention in an amount sufficient to provide a suitable foam. 
In some embodiments, the foaming and stabilizing additive 
of the present invention may be present in an amount in the 
range of from about 0.8% to about 10% by volume of the 
Water (“bvoW”) present in the foamed cement composition. 

The alkali salt of an alkyl ether sulfate surfactant in the 
foaming and stabilizing additives of the present invention 
generally comprises a mixture of an alkali salt of a C6_1O 
alkyl ether sulfate surfactant, and an alkali salt of a C2_4 alkyl 
ether sulfate surfactant. The alkali salt may be any suitable 
alkali salt, including a sodium salt, a potassium salt, an 
ammonium salt, or a combination thereof. In certain 
embodiments, the alkali salt is an ammonium salt. The alkali 
salt of an alkyl ether sulfate surfactant should be present in 
the foaming and stabilizing additive in an amount suf?cient 
to provide the desired foaming properties. In some embodi 
ments, the alkali salt of an alkyl ether sulfate surfactant may 
be present in the foaming and stabilizing additive of the 
present invention in an amount in the range of from about 
35% to about 45% by Weight of the additive. 

Generally, the alkali salt of a C6_1O alkyl ether sulfate 
surfactant may be substituted With an amount of ethylene 
oxide suf?cient to provide the desired foaming properties. In 
certain embodiments, the alkali salt of a C6_1O alkyl ether 
sulfate surfactant may have in the range of from about 1.5 
moles to about 2 moles of ethylene oxide substitution. In 
some embodiments, the alkali salt of a C6_1O alkyl ether 
sulfate surfactant may be present in the alkali salt of an alkyl 
ether sulfate surfactant in an amount in the range of from 
about 65% to about 90% by Weight of the alkali salt of an 
alkyl ether sulfate surfactant. 

Generally, the alkali salt of a C2_4 alkyl ether sulfate 
surfactant may be substituted With an amount of ethylene 
oxide suf?cient to provide the desired foaming properties. In 
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4 
certain embodiments, the C2_4 alkyl ether sulfate surfactant 
may have in the range of from about 1.8 moles to about 2.5 
moles of ethylene oxide substitution. In certain embodi 
ments, the alkali salt of a C2_4 alkyl ether sulfate surfactant 
may comprise an alkali salt of a C4 alkyl ether sulfate 
surfactant. In some embodiments, the alkali salt of a C2_4 
alkyl ether sulfate surfactant may be present in the alkali salt 
of an alkyl ether sulfate surfactant in an amount in the range 
of from about 20% to about 35% by Weight of the alkali salt 
of an alkyl ether sulfate surfactant. 

In some embodiments, the alkali salt of an alkyl ether 
sulfate surfactant may further comprise an ammonium sul 
fate. Where present, the ammonium sulfate is a by product 
of the neutralization of the acid during production of an 
ammonium salt. In some embodiments, the ammonium 
sulfate may be present in an amount in the range of from 
about 0.1% to about 1.5% by Weight of the alkali salt of an 
alkyl ether sulfate surfactant. 
An example of a suitable ammonium salt of an alkyl ether 

sulfate comprises a mixture of about 74.7% by Weight of an 
ammonium salt of a C6_1O alkyl ether sulfate surfactant 
having about 1.8 moles of ethylene oxide substitution, about 
24.9% by Weight of an ammonium salt of a C4 alkyl ether 
sulfate surfactant having about 2 moles of ethylene oxide 
substitution, and about 0.4% by Weight of ammonium sul 
fate. 
The alkyl or alkene amidopropyl betaine surfactant 

present in the foaming and stabilizing additive of the present 
invention may be described by Formula I beloW: 

R4CONHCH2CH2CH2N*(CH3)2CH2 CO2’ Formula I 

Wherein R is a decyl, a cocoyl, a lauryl, a cetyl, or an oleyl 
radical. In certain embodiments, the alkyl or alkene ami 
dopropyl betaine surfactant comprises a cocoamidopropyl 
betaine surfactant. In some embodiments, the alkyl or alkene 
amidopropyl betaine surfactant may be present in the foam 
ing and stabilizing additive of the present invention in an 
amount in the range of from about 7.5% to about 12% by 
Weight of the additive. 
The alkyl or alkene amidopropyl dimethylamine oxide 

surfactant present in the foaming and stabilizing additive of 
the present invention may be described by Formula II beloW: 

R4CONHCH2CH2CH2N*(CH3)2’ Formula 11 

wherein R is a decyl, a cocoyl, a lauryl, a cetyl, or an oleyl 
radical. In certain embodiments, the alkyl or alkene ami 
dopropyl dimethylamine oxide surfactant comprises a 
cocoamidopropyl dimethylamine oxide surfactant. In some 
embodiments, the alkyl or alkene amidopropyl dimethy 
lamine oxide surfactant may be present in the foaming and 
stabilizing additive of the present invention in an amount in 
the range of from about 1% to about 5% by Weight of the 
additive. 

Generally, the sodium chloride should be included in the 
foaming and stabilizing additives of the present invention in 
an amount sufficient to provide the desired freezing and/or 
pour point depression. In some embodiments, the sodium 
chloride may be present in an amount in the range of from 
about 5% to about 15% by Weight of the additive. 
The Water used in the foaming and stabilizing additives of 

the present invention may be freshWater, saltWater (e. g., 
Water containing one or more salts dissolved therein), brine 
(e.g., saturated saltWater produced from subterranean for 
mations), or seaWater, or combinations thereof. Generally, 
the Water may be from any source, provided that it does not 
contain an excess of compounds that adversely affect other 
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components in the foaming and stabilizing additive and/or 
the foamed cement composition. The Water should generally 
be present in the foaming and stabilizing additive in an 
amount suf?cient to dissolve the components thereof as 
desired. In some embodiments, the Water may be present in 
an amount in the range of from about 35% to about 50% by 
Weight of the additive. 
An example of a suitable foaming and stabiliZing additive 

of the present invention comprises a mixture of about 
39.55% by Weight of an ammonium salt of an alkyl ether 
sulfate surfactant, about 9.46% by Weight of an alkyl or 
alkene amidopropyl betaine surfactant, about 1.39% by 
Weight of an alkyl or alkene amidopropyl dimethylamine 
oxide surfactant, about 8.89% by Weight of sodium chloride, 
and about 40.71% by Weight of Water. 
An example of a method of cementing of the present 

invention comprises providing a foamed cement composi 
tion that comprises a hydraulic cement, Water, a gas, and a 
foaming and stabiliZing additive of the present invention that 
comprises mixture of a mixture of an alkali salt of an alkyl 
ether sulfate surfactant, Wherein the alkali salt of the alkyl 
ether sulfate surfactant comprises a mixture of an alkali salt 
of a C6_1O alkyl ether sulfate surfactant, and an alkali salt of 
a C2_4 alkyl ether sulfate surfactant, an alkyl or alkene 
amidopropyl betaine surfactant, an alkyl or alkene ami 
dopropyl dimethylamine oxide surfactant, sodium chloride, 
and Water; placing the foamed cement composition in a 
location to be cemented; and alloWing the foamed cement 
composition to set. The location to be cemented may be any 
suitable location, included a location above ground or a 
portion of a subterranean formation, such as betWeen the 
Walls of a Well bore and the exterior surface of a pipe string 
disposed therein. 
An example of cementing a portion of a subterranean 

formation of the present invention comprises providing a 
foamed cement composition that comprises a hydraulic 
cement, Water, a gas, and a foaming and stabiliZing additive 
of the present invention that comprises mixture of a mixture 
of an alkali salt of an alkyl ether sulfate surfactant, Wherein 
the alkali salt of the alkyl ether sulfate surfactant comprises 
a mixture of an alkali salt of a C6_l0 alkyl ether sulfate 
surfactant, and an alkali salt of a C2_4 alkyl ether sulfate 
surfactant, an alkyl or alkene amidopropyl betaine surfac 
tant, an alkyl or alkene amidopropyl dimethylamine oxide 
surfactant, sodium chloride, and Water; placing the foamed 
cement composition in a portion of a subterranean forma 
tion; and alloWing the foamed cement composition to set. 

To facilitate a better understanding of the present inven 
tion, the folloWing examples of certain aspects of some 
embodiments are given. In no Way should the folloWing 
examples be read to limit, or de?ne, the scope of the 
invention. 

EXAMPLE 1 

A foaming and stabiliZing additive of the present inven 
tion Was prepared consisting of a mixture of an ammonium 
salt of an alkyl ether sulfate surfactant (90% active) present 
in the mixture in an amount of 39.55% by Weight of the 
mixture, a cocoamidopropyl betaine surfactant (30% active) 
present in an amount of 31.52% by Weight of the mixture, a 
cocoamidopropyl dimethylamine oxide surfactant (30% 
active) present in an amount of 4.63% by Weight of the 
mixture, sodium chloride present in an amount of 7.31% by 
Weight of the mixture, and Water present in the mixture in an 
amount of 16.99% by Weight of the mixture. 
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6 
The ammonium salt of an alkyl ether sulfate surfactant 

consisted of a mixture of an ammonium salt of a C6_ 10 alkyl 
ether sulfate surfactant containing 1.8 moles of ethylene 
oxide present in an amount of 29.36% by Weight of the 
foaming and stabiliZing additive, an ammonium salt of a C4 
alkyl ether sulfate surfactant containing 2 moles of ethylene 
oxide present in an amount of 9.79% by Weight of the 
foaming and stabiliZing additive, and ammonium sulfate 
present in an amount of 0.4% by Weight of the foaming and 
stabiliZing additive. 
The foaming properties, foam stability and uniformity of 

the foamed cement after setting Was determined for a 
foamed cement composition comprising Portland Class H 
cement and Water prepared in a multi-blade foam generator 
having a density of 16.49 pounds per gallon. To a portion of 
the foamed cement composition, the foaming and stabiliZing 
additive of the present invention Was added in an amount of 
2% bvoW therein. To a second portion of the foamed cement 
composition, a prior art foaming and stabiliZing additive Was 
added in an amount of 2% bvoW therein. The prior art 
foaming and stabiliZing additive comprises a mixture of 
alcohol ether sulfate, an alkyl or alkene amidopropyl 
betaine, and an alkyl or alkene amidopropyl dimethylamine 
oxide. This prior art foaming and stabiliZing additive is 
described and claimed in Us. Pat. No. 6,063,738 issued on 
May 16, 2000 to Chatterji et al. entitled FOAMED WELL 
CEMENT SLURRIES, ADDITIVES AND METHODS 
Which is incorporated herein by reference. This prior foam 
ing and stabiliZing additive is commercially available as 
ZONESEAL® 2000 additive, from Halliburton Energy Ser 
vices, lnc., Duncan, Okla. 

The calculated density, l5-second density, and 72-hour 
compressive strength at 1400 F. Were determined for each of 
the foamed cement compositions. Also, the densities of the 
compositions after setting Were determined at the top, 
middle and bottom of the set compositions. The results of 
these tests are set forth in TABLE 1 below. 

TABLE 1 

Portland Class H Cement and Water 
Base Density — 16.49 lb/gal 

72-Hour 
Foaming and Com 
Stabilizing Calculated l5-Second pressive Density After Set 
Additive and Density Density Strength lb/gal 

% (bvoW) (lb/gal) (lb/gal) (psi) Top Middle Bottom 

2% 11 10.22 1070 10.58 9.95 9.8 
Prior Art 
Additivel 
2% 11 10.26 969 10.18 9.77 9.77 
Present 
Invention 
Additive 

1The prior art additive utilized Was ZONESEAL ® 2000 additive. 

From Table I, it can be seen that this example of foaming 
and stabiliZing additive of the present invention functions 
substantially as Well as the prior art foaming and stabiliZing 
additive. 

EXAMPLE 2 

The tests described above and set forth in Table I Were 
repeated using a foamed cement composition containing 
salt, i.e., a cement composition comprising Joppa Class H 
cement, 15% amorphous silica bWoc, 37% sodium chloride 
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bWoc and Water having a density of 15.62 pounds per gallon. 
The results of the tests are given in Table II below. 

8 

TABLE IV 

Slag, 8% Sodium Carbonate and Water 
TABLE H 5 Base Density — 15.0 lb/gal 

Joppa Class H Cement, 15% Amorphous Silica, 37% Sodium Chloride 
and Water Base Density — 15.62 lb/gal 72'HOuI 

Foaming and Com 
72.1101“ Stabilizing Calculated 15-Second pressive Density After Set 

Foaming and Com. Additive Density Density Strength lb/gal 
Stabilizing Calculated 15-Second pressive Density After Set 10 
Additive Density Density Strength lb/gal (% bvoW) (lb/gal) (lb/gal) (psi) Top Middle Bottom 

(% bvoW) (lb/gal) (lb/gal) (psi) Top Middle Bottom 2% 11 12_02 2070 12_15 12_1 12_14 
Prior Art 

2% 11.2 11.76 1038 11.02 11.11 11.20 Additiv61 

PHOFAHI 15 2% 11 11.27 2175 11.44 11.52 11.55 
Additive Pmsent 
2% 11.2 11.01 876 10.57 10.70 10.71 . 

Invention 
Present I I 

I . Additive 
nventron 

Additive 
20 1The prior art additive utilized Was ZONESEAL ® 2000 additive. 

1The prior art additive utilized Was ZONESEAL ® 2000 additive. ' ' 

From Table IV, 1t can be seen that this example of a 

From Table II, it can be seen that this example of a foaming and stabilizing additive of the present invention 
foaming and stabilizing additive of this invention functioned functions as Well as the prior art foaming and stabilizing 
Well in a saturated salt solution. 25 additive. 

EXAMPLE 3 EXAMPLE 5 

The tests described in Example 1 above Were repeated The tests described in Example 1 Were repeated utilizing 
utilizing a foamed cement composition formed With sea 30 a foamed cement composition comprising Class F ?y ash, 
Water, i.e., a cement composition comprising Joppa Class H hydrated lime in an amount of 15% by Weight of the ?y ash, 
cement and sea Water having a base density of 16.62 pounds calcium chloride results in an amount of 4% by Weight of the 
per gallon. The results of the tests are set forth in Table III ?y ash and Water. The results of the tests are set forth in 
beloW. 35 Table V beloW. 

TABLE III TABLE V 

Joppa Class H and Sea Water Class F Fly Ash, 15% Hydrated Lime, 4% Calcium Chloride and Water 
Base Densiy — 16.62 lb/gal (Base Density — 14.08 lb/gal) 

40 

72-Hour 72—Hou.r 
Foaming and Com- Foaming and Com 
Stabilizing Calculated 15-Second pressive Density After Set Stabilizing Calculated 15-Second pressive Density After Set 
Additive Density Density Strength lb/gal Additive Density Density Strength lb/gal 

(% bvoW) (lb/gal) (lb/gal) (psi) Top Middle Bottom 45 (% bvoW) (lb/gal) (lb/gal) (psi) Top Middle Bottom 

2% 11 10.20 1036 9.76 9.78 9.78 2% 10 9.57 692 9.28 9.19 9.18 
Prior Art Prior Art 
Additivel Additivel 
2% H 10.23 927 10.94 10.27 9.86 2% 10 9.40 681 9.17 8.88 8.87 
Present Present 

. 50 . 

Invention Invention 
Additive Additive 

1The prior art additive utilized Was ZONESEAL ® 2000 additive. 1The prior art additive utilized Was ZONESEAL ® 2000 additive. 

From Table III, it can be seen that this example of a 55 From Table V, it can again be seen that this example of a 
foaming and stabilizing additive of the present invention foaming and stabilizing additive functioned as Well as the 
functioned as Well or better in sea Water than the prior art prior art additive in a ?y ash cement composition. 
foaming and stabilizing additive. 

EXAMPLE 6 
EXAMPLE 4 60 

The tests set forth in Example 1 Were repeated utilizing a 
The tests described in Example 1 above Were repeated foamed cement composition comprising Micro MatrixTM 

utilizing a foamed cement composition containing slag, i.e., hydraulic cement and Water. Micro MatrixTM hydraulic 
a cement composition containing slag, sodium carbonate in 65 cement is commercially available from Halliburton Energy 
an amount of 8% by Weight of the slag and Water. The results 
of the tests are set forth in Table IV beloW. 

Services, Inc. The results of the tests are set forth in Table 
VI beloW. 
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TABLE VI 

Micro Matrix TM Hydraulic Cement and Water 
(Base Density — 12.5 lb/gal) 

72-Hour 
Com 

Calculated 15-Second pressive Density After Set 
Density Density Strength lb/gal 

Foaming and 
Stabilizing 
Additive 

(% bvoW) (lb/gal) (lb/gal) (psi) Top Middle Bottom 10 

2 % 
Prior Art 
Additive l 

2 % 
Present 
Invention 
Additive 

10 9.46 974 9.46 9.53 9.5 

10 9.62 1034 9.52 9.6 9.59 

1The prior art additive utilized Was ZONESEAL ® 2000 additive. 

From Table VI, it can again be seen that this example of 
a foaming and stabilizing additive of this invention func 
tioned as Well or better than the prior art foaming and 
stabilizing additive. 

EXAMPLE 7 25 

The tests set forth in Example 1 Were repeated utilizing a 
foamed cement composition comprising calcium aluminate, 
ASTM Class F ?y ash and Water as described. in US. Pat. 
No. 6,332,921 issued on Dec. 25, 2001 to Brothers et al., 
Which is incorporated herein by reference. The results of the 
tests are set forth in Table VII beloW. 

TABLE VII 

Calcium Aluminate, ASTM Class F Fly Ash and Water 35 
(Base Density — 15.02 lb/gal) 

72-Hour 
Com 

Calculated 15-Second pressive Density After Set 
Density Density Strength lb/gal 

Foaming and 
Stabilizing 
Additive 

(% bvoW) (lb/gal) (lb/gal) (psi) Top Middle Bottom 

2 % 1 1 
Prior Art 
Additivel 
2 % 1 1 
Present 
Invention 
Additive 

9.46 974 9.46 9.53 9.5 

45 
9.62 1034 9.52 9.6 9.59 

1The prior art additive utilized Was ZONESEAL ® 2000 additive. 50 

From Table VII it can be seen that this example of a 
foaming and stabilizing additive of this invention functioned 
as Well as or better than the prior art foaming and stabilizing 
additive. 

55 

EXAMPLE 8 

In order to determine the ability of the foaming and 
stabilizing additive of the present invention to foam at loW 
temperatures, the following experiment Was performed. A 
Joppa Class H cement slurry containing 2% of the foaming 
and stabilizing additive in an amount of 2% by Weight of the 
Water in the cement composition having a density of 16.49 
pounds per gallon Was foamed at ambient temperature and 
pressure to a density of 10.24 pounds per gallon (the desired 
density Was 11.0 pounds per gallon). The foamed cement 
composition Was stirred in an atmospheric consistometer for 

60 

10 
one hour at 50° F. At the end of the stirring, the foamed 
cement composition had a density of 9.96 pounds per gallon. 
The slurry Was then cured at 55° F. for 72 hours. The 
experiment Was repeated utilizing the prior art foaming and 
stabilizing additive. The results of the tests are set forth in 
Table VIII beloW. 

TABLE VIII 

.Ioppa Class H Cement and Water 

(Base Density — 16.49 lb/gal) 

Foaming 
and 

Stabilizing 
Additive 

Calculated 15-Second Density @ 
Density Density 1 Hour 

Density After Set 

(lb/ gal) 

(% bvoW) (lb/gal) (lb/gal) (lb/gal) Top Middle Bottom 

2% 1 1 

Prior Art 

Additivel 
2% 1 1 

Present 

10.21 14.33 15.42 16.49 17.47 

10.24 9.96 10.24 10.32 10.84 

Invention 

Additive 

1The prior art additive utilized Was ZONESEAL ® 2000 additive. 

From Table VIII, it can be seen that this example of a 
foaming and stabilizing additive cured sufficiently at 55° F. 
The prior art additive destabilized the foamed slurry at 55° 
F. as indicated by the increased slurry density after set. The 
prior art additive needs an accelerator to cure as desired at 

55° F. 

EXAMPLE 9 

Foam transfer data using a MACS analyzer Was deter 
mined for a 16-pound per gallon slurry consisting of Joppa 
Class H cement, crystalline silica present in an amount of 
35% bWoc, amorphous silica present in an amount of 5% 
bWoc, a non-dispersing set retarder present in an amount of 
0.6% bWoc and the foaming and stabilizing additive of the 
present invention present in an amount of 2% bvoW in the 
cement composition. The non-dispersing retarder utilized is 
described in US. Pat. No. 6,227,294 issued to Chatterji et al. 
on May 8, 2001 Which is incorporated herein by reference. 

The cement composition described above Was foamed at 
200° F. and a pressure of 1000 psi in the MACS analyzer, 
i.e., an instrument knoWn as a multiple analysis cement 
slurry (MACS) analyzer. The foamed cement composition in 
the MACS analyzer Was transferred at 200° F. through a 
manifold system to curing cells that Were preheated and 
charged With nitrogen at the same pressure to Which the 
slurry is subjected in the mixing chamber of the analyzer. 
The foamed cement composition had density of 10.91 
pounds per gallon (desired density Was 11.5 pounds per 
gallon). The foamed cement composition Was cured at a 
temperature of 250° F. for a period of 72 hours. Thereafter 
the densities of the top, middle and bottom of the cured 
sample Was measured. 

The results of these tests are set forth in Table IX beloW. 
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TABLE IX 

Joppa Class H Cement, Crystalline Silica, Amorphous Silica, Set Retarder 
and Water (Base Densitv — 16.0 lb/gal) 

Foaming and 
Stabilizing Transfer 
Additive and % Calculated Cell Density After Set 
By Volume Density Density lb/gal 

of water (lb/gal) (lb/gal) Top Middle Bottom 

2% 11.5 9.62 10.66 11.09 11.32 
Present 
Invention 
Additive 

From Table IX, it can be seen that the sample cured under 
high temperature and pressure has a minimum variation of 
density from top to bottom. 

Therefore, the present invention is well adapted to attain 
the ends and advantages mentioned as well as those that are 
inherent therein. While numerous changes may be made by 
those skilled in the art, such changes are encompassed 
within the spirit of this invention as de?ned by the appended 
claims. The terms in the claims have their plain, ordinary 
meaning unless otherwise explicitly and clearly de?ned by 
the patentee. 

What is claimed is: 
1. A method of cementing, comprising: 
providing a foamed cement composition comprising: 

a hydraulic cement; 
water; 
a gas; and 
a foaming and stabilizing additive comprising a mix 

ture of 

an alkali salt of an alkyl ether sulfate surfactant, 
wherein the alkali salt of the alkyl ether sulfate 
surfactant comprises a mixture of an alkali salt of 
a C6_1O alkyl ether sulfate surfactant, and an alkali 
salt of a C2_4 alkyl ether sulfate surfactant, 

an alkyl or alkene amidopropyl betaine surfactant 
having the formula RiCONHCH2CH2CH2N+ 
(CH3)2CH2CO2, wherein R is a decyl, a cocoyl, a 
lauryl, a cetyl, or an oleyl radical, 

an alkyl or alkene amidopropyl dimethylamine oxide 
surfactant having the formula 
R%ONHCH2CH2CH2N+(CH3)2O_, wherein R 
is a decyl, a cocoyl, a lauryl, a cetyl, or an oleyl 
radical, 

sodium chloride, and 
water; 

placing the foamed cement composition in a location to be 
cemented; and 

allowing the foamed cement composition to set therein. 
2. The method of claim 1 wherein the alkali salt of the 

alkyl ether sulfate surfactant is a sodium salt, a potassium 
salt, an ammonium salt, or a combination thereof. 

3. The method of claim 1 wherein the alkali salt of the 
C67 alkyl ether sulfate surfactant has in the range of from 
about 1.5 about 2 moles of ethylene oxide substitution, and 
wherein the alkali salt of the C2_4 alkyl ether sulfate surfac 
tant has in the range of from about 1.8 about 2.5 moles of 
ethylene oxide substitution. 

4. The method of claim 1 wherein the alkali salt of the 
C27 alkyl ether sulfate surfactant comprises an alkali salt of 
a C4 alkyl ether sulfate surfactant. 
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5. The method of claim 1 wherein the alkali salt of the 

alkyl ether sulfate surfactant further comprises an ammo 
nium sulfate. 

6. The method of claim 1 wherein the alkali salt of the 
alkyl ether sulfate surfactant is present in the foaming and 
stabilizing additive in an amount in the range of from about 
35% to about 45% by weight of the foaming and stabilizing 
additive, wherein the alkyl or alkene amidoproply betaine 
surfactant is present in the foaming and stabilizing additive 
in an amount in the range of from about 7.5% to about 12% 
by weight of the foaming and stabilizing additive, wherein 
the alkyl or alkene amidopropyl dimethylamine oxide sur 
factant is present in the foaming and stabilizing additive in 
an amount in the range of from about 1% to about 5% by 
weight of the foaming and stabilizing additive, wherein the 
water in the foaming and stabilizing additive is present in an 
amount in the range of from about 35% to about 50% by 
weight of the foaming and stabilizing additive, and wherein 
the sodium chloride is present in an amount in the range of 
from about 35% to about 50% by weight of the foaming and 
stabilizing additive. 

7. The method of claim 1 wherein the alkali salt of the 
alkyl ether sulfate surfactant comprises an ammonium salt of 
a C6_1O alkyl ether sulfate surfactant in an amount in the 
range of from about 65% to about 90% by weight of the 
alkali salt of the alkyl ether sulfate surfactant, the ammo 
nium salt of the C6_1O alkyl ether sulfate surfactant having in 
range of from about 1.5 moles to about 2 moles of ethylene 
oxide substitution; and ammonium salt of a C4 alkyl ether 
sulfate surfactant in an amount in the range of from about 
20% to about 35% by weight of the alkali salt of the alkyl 
ether sulfate surfactant, the ammonium salt of the C4 alkyl 
ether sulfate surfactant having in range of from about 1.8 
moles to about 2.5 moles of ethylene oxide substitution; and 
ammonium sulfate in an amount in the range of from about 
0.1% to about 1.5% by weight of the alkali salt of the alkyl 
ether sulfate surfactant. 

8. The method of claim 1 wherein the location to be 
cementing is above ground or a portion of a subterranean 
formation. 

9. The method of claim 1 wherein the location comprises 
an annulus between a pipe string and the subterranean 
formation. 

10. A method of cementing, comprising: 
introducing a foamed cement composition into a subter 

ranean formation, the foamed cement composition 
comprising a hydraulic cement, water, a gas, and a 
foaming and stabilizing additive comprising a mixture 
of: 
an alkali salt of an alkyl ether sulfate surfactant, 

wherein the alkali salt of the alkyl ether sulfate 
surfactant comprises a mixture of an alkali salt of a 
C6_1O alkyl ether sulfate surfactant, and an alkali salt 
of a C2_4 alkyl ether sulfate surfactant; 

an alkyl or alkene amidopropl betaine surfactant having 
the formula R4CONHCH2CH2CH2N+(CH3)2 
CH2CO2, wherein R is a decyl, a cocoyl, a lauryl, a 
cetyl, or an oleyl radical; 

an alkyl or alkene amidopropyl dimethylamine oxide 
surfactant having the formula 
RiCONHCHzCHzCH2N+(CH3)2O_, wherein R is 
a decyl, a cocoyl, a lauryl, a cetyl, or an oleyl radical; 

sodium chloride; and 
water. 

11. The method of claim 10 comprising allowing the 
foamed cement composition to set in the subterranean 
formation. 
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12. The method of claim 10 wherein the hydraulic cement 
comprises at least one of the following; a Portland cement; 
a poZZolana cement; a gypsum cement; a high alumina 
content cement; a slag cement; or a silica cement. 

13. The method of claim 10 wherein the water in the 
foamed cement composition comprises at least one of the 
following: freshwater; saltwater; a brine; or seawater. 

14. The method of claim 10 wherein gas comprises at least 
one of the following: air or nitrogen. 

15. The method of claim 10 wherein the foaming and 
stabilizing additive is present in the foamed cement com 
position in an amount in the range of from about 0.8% to 
about 10% by volume of the water in the foamed cement 
composition. 

16. The method of claim 10 wherein the alkali salt of the 
alkyl ether sulfate surfactant is a sodium salt, a potassium 
salt, an ammonium salt, or a combination thereof. 

17. The method of claim 10 wherein the alkali salt of the 
C6_1O alkyl ether sulfate surfactant has in the range of from 
about 1.5 to about 2 moles of ethylene oxide substitution, 
and wherein the alkali salt of the C2_4 alkyl ether sulfate 
surfactant has in the range of from about 1.8 to about 2.5 
moles of ethylene oxide substitution. 

18. The method of claim 10 wherein the alkali salt of the 
C2_4 alkyl ether sulfate surfactant comprises an alkali salt of 
a C4 alkyl ether sulfate surfactant. 

19. The method of claim 10 wherein the alkali salt of the 
alkyl ether sulfate surfactant further comprises an ammo 
nium sulfate. 

20. The method of claim 10 wherein the alkali salt of the 
alkyl ether sulfate surfactant is present in the foaming and 
stabilizing additive in an amount in the range of from about 
35% to about 45% by weight of the foaming and stabiliZing 
additive, wherein the alkyl or alkene amidopropyl betaine 
surfactant is present in the foaming and stabiliZing additive 
in an amount in the range of from about 7.5% to about 12% 
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by weight of the foaming and stabiliZing additive, wherein 
the alkyl or alkene amidopropyl dimethylamine oxide sur 
factant is present in the foaming and stabiliZing additive in 
an amount in the range of from about 1% to about 5% by 
weight of the foaming and stabiliZing additive, wherein the 
water in the foaming and stabiliZing additive is present in an 
amount in the range of from about 35% to about 50% by 
weight of the foaming and stabiliZing additive, and wherein 
the sodium chloride is present in an amount in the range of 
from about 35% to about 50% by weight of the foaming and 
stabiliZing additive. 

21. The method of claim 10 wherein the alkali salt of the 
alkyl ether sulfate surfactant comprises an ammonium salt of 
a C6_1O alkyl ether sulfate surfactant in an amount in the 
range of from about 65% to about 90% by weight of the 
alkali salt of the alkyl ether sulfate surfactant, the ammo 
nium salt of the C6_1O alkyl ether sulfate surfactant having in 
range of from about 1.5 moles to about 2 moles of ethylene 
oxide substitution; an ammonium salt of a C4 alkyl ether 
sulfate surfactant in an amount in the range of from about 
20% to about 35% by weight of the alkali salt of the alkyl 
ether sulfate surfactant, the ammonium salt of the C4 alkyl 
ether sulfate surfactant having in range of from about 1.8 
moles to about 2.5 moles of ethylene oxide substitution; and 
ammonium sulfate in an amount in the range of from 0.1% 
to about 1.5% by weight of the alkali salt of the alkyl ether 
sulfate surfactant. 

22. The method of claim 10 wherein introducing the 
cement composition into the formation comprises introduc 
ing the cement composition into an annulus between a pipe 
string and the subterranean formation. 

23. The method of claim 22 comprising allowing the 
cement composition to set in the annulus. 


